INTRODUCTION
Curcuma longa L syn C. domestica (Zingiberaceae), commonly known as turmeric, is a genus of 70 species of rhizomateous herbs. It is distributed in India, Thailand, Archipelago and Northern Australia. The tuber roots of a few species of the genus curcuma are economic sources of pharmaceutical and perfumery compounds. [1] [2] [3] [4] [5] [6] [7] [8] [9] C. longa, a perennial herb, is cultivated extensively throughout the warmer parts of the world. It is grown on a large scale in India and China. In India it is cultivated in almost all states, particularly in Tamilnadu, Maharashtra and Bengal. [10] The commercial products of C. longa are turmeric powder, extracts and oleoresins. India is one of the largest producers of turmeric and its oleoresin. [10] [11] [12] [13] In the Indian system of medicine, turmeric is used to some extent as a digestive aid and in the treatment of fever, infections, dysentery, arthritis, jaundice and other fever problems. Traditional Chinese physicians used turmeric to treat liver and gall bladder problems, stop bleeding and treat chest congestion and menstrual fresh weight basis. The oils thus obtained were dried over anhydrous sodium sulphate and stored in a sealed glass vial at low temperature prior to analysis.
Gas chromatography (GC)
The oils were analyzed on a Hewlett-Packard 5980. A gas chromatograph equipped with a fused silica capillary column (50 X 0.25mm) coated with methyl silicon (thickness 0.17mm) with FID detector. GC conditions were: nitrogen as carrier gas (1ml/min), split ratio 1:80, injection temperature 250°C, FID temp. 300°C and programmed from 80°C to 200°C at a rate of 2°C/ min. The retention indices were calculated for all volatile constituents using a homologous series of n-alkanes.
GC/MS analysis
GC/MS data were obtained on a Perkin Elmer Turbo Mass spectrometer instrument using a PE-WAX column (60m X 0.32mm, Þ lm thickness 0.25µm). Temperature programmed: Þ ve minutes at 70°C, then rising at 2°C/ min to 120°C and then 3°C/min from 120-240°C. Carrier gas was helium.
IdentiÞ cation of compounds
Compounds were identiÞ ed by comparing the retention indices of the peaks with literature values [18] [19] [20] [21] [22] [23] computer matching against the NBS and Wiley libraries spectra.
RESULTS AND DISCUSSION
The oils were obtained by conventional hydro distillation of the rhizomes and leaves of C. longa in a Clevenger type apparatus. Each gave oil in 0.36% and 0.53% yield respectively on fresh weight basis. GC and GC-MS analysis resulted in the identiÞ cation of total 73 and 75 constituents, respectively from the rhizomes and leaves oil.
The relative concentrations of the volatile components identiÞ ed are presented in Table 1 , according to their elution order on a BP-1 column. The major components of the rhizome oil were ar-turmerone (31.7%), α-turmerone (12.9%), β-turmerone (12.0%) and (Z)-β-ocimene (5.5%). On the other hand the major constituents in the leaf oil were α-phellandrene (9.1%), terpinolene (8.8%), 1, 8-cineole (7.3%) and undecanol (7.1%) and p-cymene (5.5%). On comparing the similarity between the chemical composition of rhizomes and oil, it was observed that out of 73 and 75 constituents identiÞ ed in the rhizomes and oils respectively, 51 were common in both the oils.
Apart from the above similarity, following differences were also recorded: ar-turmerone (31.7% and 1.2%), α-turmerone (12.9% and 0.5%), and β-turmerone (12.0% and 0.1%), which were major constituents in the rhizomes oil were observed as minor or trace constituents in the leaves oil. Similarly, the other constituents such as α-cadinene (1.2% and 0.7%), β-curcumene (1.3 and 0.5%), humulene epoxide (1.9% and 0.7% were two to three times higher, while τ-cadinol (2.4% and 0.4%) was 6 times higher in rhizome oil. Similarly δ-elemene (1.0% and t), E(α)-atlantone (1.5% and 0.1%) and virdiß oral (1.7% and t) were 10 to 17 times higher in rhizome oil.
On the other hand α-phelladrene (9.1% and 0.1%), terpinolene (8.8% and 0.1%), undecanal (7.1% and 0.2%), p-cymene (5.5%and 0.1%), which were present as major components in the leaves essential oil were observed as trace constituents in the rhizome oil, except 1,8-cineole (7.3% and 2.6%), which was three times higher in the leaves oil. Similarly, myrcene (1.6% and 0.2%), iso-bornyl acetate (1.8% and 0.2%) and geranyl butyrate (1.1% and t) were eight to 11 times higher in the oil while carvone (0.9% and 0.5%), tetradecane (1.8% and 0.6%) and ar-curcumene (1.0% and 0.2%) were two to Þ ve times higher in the oil than those of rhizomes oil.
Apart from the above differences, Z-(β)-ocimene (5.5%), elimicin(2.0%), caryophyllene oxide (2.1%) were only present in the rhizomes oil, while sabinyl acetate (3.5%), methyl eugenol (3.0%), cinnamaldehyde (1.9%), neral (1.8%), cis-sabinol (1.5%), α-terpineol (1.4%) and β-elimine (1.2%) were only present in the oil.
On comparing our results with the Bhutanese rhizomes oil [24] (eight month old), it was observed that out of 73 and 21 constituents, 13 constituents were common in both types of oil. Zingiberene (1.3% and 1.5%) was the only constituent with similar composition in both types. Although ar-turmerone (31.7% and 25.7%), α-termerone (12.9% and 32.0%), and β-turmerone (12.0% and 18.4%) were major constituents in both the oils, but their percentage did vary to certain extent. ar-turmerone (31.7% and 25.7%) was 1.5 times higher in Indian (our) oil. On the other hand ar-turmerone (0.1% and 1.3%) and p-cymene (0.1% and 0.6%) were six to 13 times higher, while α-termerone (12.9% and 32.0%), β-turmerone (12.0% and 18.4%) , β-bisabolene (0.2% and 0.5%), 1-bisabolene (0.2% and 0.9%) and α-phellandrene (0.2% and 1.1%) were 1.5 to Þ ve times higher in the rhizome oil from Bhutan.
On comparing our oil results with those of the Bhutanese oils, it was observed that out of 75 and 49 constituents identiÞ ed in our oil and that of Bhutanese leaves, 26 constituents were common in both the oils. α-phellandrene, (9.1% and 18.2%), p-cymene (5.5% and 13.3%), 1,8-cineole (7.3% and 14.6%), terpinolene (8.8% and 11.6%) were the major constituents in both the oil, but their percentage did vary to a certain extent. It is interesting to note that caryophyllene (0.6% and 0.5%) was the only constituent which had similar composition.
On the other, hand perilla ketone (1.9% and 0.4%), carvacrol (0.6% and 0.1%), ar-turmerone (0.5% and 0.1%), β-elemene (1.2% and 0.2%), and camphene (0.8% and t) were Þ ve to eight times higher, while α-terpineol (1.4% and 0.9%), cis-sabinol (1.5% and 1.0%), α-turmerone (0.5% and 0.3%), zingiberene (1.0% and 0.5%) and thymol (0.7% and 0.2%) were 1.5 to 3.5 times higher in our oil than that of the Bhutanese oil. Curdione(0.3% and 0.5%), germacrone (t and 0.2%), β-sesquiphellandrene (0.1% and 0.4%), and sabinene (0.1% and 0.4%) were two to four times higher while α-pinene (0.1% and 2.6%) and β-pinene (0.2% and 7.2%) were 26 to 36 times higher in Bhutanese oil than in our oil.
It would be worth mentioning here that undecanol (7.1%), a major constituent in our leaf oil, was absent in the Bhutanese leaf oil.
The above variations in the percentage composition of Curcuma rhizome and leaf oils from Kanpur, India with those of Bhutanese oils may be due to the variation in the their ago climatic and geographical regions.
